ABSTRACT
INTRODUCTION
In a context of increased uncertainty, traders become more attentive to asset prices volatility which is considered as crucial information affecting asset allocation, hedging and portfolios diversification. Therefore, an adequate estimate of the volatility contributes to more efficient financial strategies.
We propose to study the ability of volatility indices to predict financial assets volatility. However, measures used in the literature could be classified into two categories: the first is based on historical volatility, while the second on derivatives implied volatility. Indeed, the first was assimilated to returns' standard deviation (Hull (2011) ) the latter considers the volatility of the underlying asset as reflected by option prices (Aboura (2005) ).
identify the relationship between volatility indices and the corresponding stock markets ones. In particular, implied volatility indices are often considered to be forward-looking measures of the expected market volatility (see Whaley (1993) ; Simon (2003) ; Giot (2005) etc..).
In addition, they are also named indices of investors' fear (Whaley (2000) ) to the extent that they reflect the sentiments of investors managing the stock market variations Baker and Wurgler (2006) . Thus, these features give them the privilege of being used as barometers of representative stock markets. Recent studies have attempted to explain the performance of volatility indices in forecasting future stock market volatility. They have been often compared to other estimates of the volatility measures namely historical volatility and ARCH / GARCH models.
Another research component was also discussed in the recent financial literature dealing with the relationship between implied volatility indices and stock market returns. The main idea was that the first are likely to contain relevant information about the stock market ("Spot"). Thus, information provided by the latter remains important in attracting the attention of various categories of stakeholders (hedgers, speculators, arbitrageurs). However, most empirical studies investigating this research axis focused especially on the US market and other emerging markets (India, Korea and Japan), while studies on stock markets Europeans remain poorly treated.
It is in this framework we will explore the importance of implied volatility indices in explaining stock market returns on the one hand, and underlying stocks' volatility on the other hand. Empirical validation is conducted in the case of five stock markets from the euro area namely: Euro zone, France, Germany, Switzerland and the United Kingdom during the period extending from 1 January 2010 to 31 March 2015. The main objective of this paper is to check whether implied volatility indices help explaining future volatility and stock returns. It is organized as follows: section 1 provides a short review of the literature, Section 2 describes the data and the methodology used and the last section concludes the paper.
LITERATURE REVIEW
A new direction of financial literature stems from the fact that the implied volatility indices are considered both as forward-looking measures of the volatility of the overall market as well as an indicator of investor sentiment. This has revived the interest of several academic studies to explore the informational role of implicit volatility indices in terms of explaining future volatility and stock market returns. In the same context we propose to revisit results of some empirical studies.
First, several theoretical and academic studies have examined the performance of implied volatility indices in forecasting future stock market volatility although empirical findings on this issue are still controversial. For their part, Corrado and Miller (2005) examined three US implied volatility indices namely VXN, VIX and VXO between January 1988 and December 2003. They found that the three implied volatility indices are efficient estimators of the stock market future volatility considering a GARCH modelling. In other words, these volatility indices contain relevant information but don't reflect all information set on the volatility of the US stock market. They also found that the VXN index provides significantly more efficient forecasting realized volatility compared to VIX and VXO indices. Another study in the context of the Korean market by Maghrebi et al. (2007) volatility which is not reflected by the volatility generated by different specifications of the GARCH model. Similarly, Siriopoulos and Fassas (2008) studied the predictive power of implied volatility index VFTSE, observed on the UK stock market, with regard to future volatility between February 2000 and May 2008. In addition, they found that this volatility index is a biased but efficient estimator of realized volatility. Similarly, it contains all the information regarding the future volatility that is not included in the historical volatility. More recently, Frijns et al. (2010) examined the performance of the information content of the implied volatility index AVX calculated from options market prices from the Australian stock index S & P / ASX 200, compared to alternative models for volatility forecasting (the GARCH models and "RiskMetrics" approach) for various forecast horizons. Thus, in sample empirical results showed that implied volatility index contains additional information with respect to the model GJR-GARCH (1,1). Furthermore, through the out of sample ones Frijns et al. (2010) noted that implied volatility index AVX is the best predictor of future realized volatility dominating volatility forecasting under the approach "RiskMetrics" and GJR-GARCH (1,1).
Thus, Banerjee and Kumar (2011) compared the performance of GARCH conditional volatility model (1.1) and the Indian implied volatility index VIX forecasting future volatility of the Nifty 50 representative of the stock market India. They found that VIX index represents a good estimator of future volatility generated by the GARCH (1,1).
Similarly, the study of Ryu (2012) conducted in the case of the Korean stock market over the period of January 3, 2003 to April 12, 2011 showed that the relative index VKOSPI provides forecasts of future realized volatility slightly biased by dominating those generated by the implied volatility of the Black and Scholes (1973) "RiskMetrics" approach, and GJR-GARCH (1,1). Another recent study by Thenmozhi and Chandra (2015) compared performance of the information content of the Indian one (India VIX) compared to traditional measures of volatility. They found that the first is more efficient in terms of forecasting future market volatility compared to other conditional volatility derived from GARCH and EGARCH models.
However, several empirical studies have shown that implied volatility indices are less informative with regard to future stock market volatility compared to other alternative ones. In the same vein, a study conducted in the US market by Dowling and Muthuswamy (2005) calculated implied volatility index AVIX using the same methodology that VIX-New. They found that the AVIX index represents a poor estimator of future volatility relative to those from autoregressive models. In addition, Koopman et al. (2005) on the basis of a study conducted in the US market during the period from January 6, 1997 to November 15, 2003, they found that implied volatility index VIX contains additional information in relation to a stochastic volatility model. However, this result is not confirmed using GARCH specification. Therefore volatility index is not the best measure for forecasting future volatility of the US stock market. Similarly, Becker et al. (2007) through a study conducted during the period from 2 January 1990 to 17
October 2003 found that implied volatility index VIX doesn't contain any additional information compared to different volatility forecasting models. This result indicates that option market (on the S&P 500) is unable to anticipate the movements of the stock market future volatility. Therefore, they considered these markets as inefficient. More recently, the study of Padhi and Shaikh (2014) using a time period from 4 June 2001 to 31 May 2011, showed that implied volatility of call and put options on the currency from S & P CNX Nifty contains relevant information about future realized volatility based on underlying stock index returns. In contrast, the historical volatility contains additional information with respect to the latter. Referring to the first part of the literature review, we propose to validate the following assumptions:
H1: The implied volatility index contains additional information compared to the volatility generated by the GARCH models.
H2: The implied volatility index is the best measure of forecasting future stock market volatility.
On this research area, a variety of empirical works has addressed the relationship between implied volatility indices and returns of the corresponding stock market. Simon (2003) suggested that daily variations of VXN implied volatility index respond asymmetrically to positive and negative returns variations of the Nasdaq 100 Index both during and after the bursting of the Internet bubble respectively. Similarly, Giot (2005) also showed that there is a strong negative relationship between contemporary variations of two implied volatility indices VIX, VXN and returns of the underlying stocks indices S & P 100 and Nasdaq 100. Indeed, it showed that this asymmetric relationship intuitively depends on the considered period: it is much more important for a bull market than a bear one. In the same vein, Dowling and Muthuswamy (2005) and considering the Australian market, they showed that the volatility index AVIX variations induce a negative impact on returns of the S & P / ASX 200. No evidence of an asymmetric effect was found in this case. Also, Hibbert et al. (2008) underlined, using several econometric approaches, a negative and asymmetrical relationship between the implied volatility index VIX-New and VXN-New and returns of the underlying stock indices S & P 500 and Nasdaq 100. However, they showed that assumptions of leverage and volatility feedback are unable to explain the relationship between implied volatility indices of contemporary returns and corresponding underlying assets indices. Moreover, for the German stock market, Masset and Wallmeier (2010) examined the possible causal links between variations in the index of implied volatility calculated from the price of opting on the DAX 30 and the contemporaneous returns index DAX 30 between 1995 and 2005. Using a VAR specification they concluded that returns from DAX 30 calculated over 5 minutes intervals granger causes the implied volatility index variation. The assumption of leverage is affirmed. Kumar (2012) found that changes in the implied volatility index Ivix are negatively correlated to the returns of the Nifty 225 market index of the Indian stock market. Furthermore, he showed that during extreme stock market movements, this relationship becomes insignificant. Recently, Lee and Ryu (2013) underlined a negative and asymmetrical relationship between daily returns of the S & P 500 and KOSPI 200 and variations in VIX implied volatility index and VKOSPI respectively from both US and Korean markets. In addition, they found that for the Korean market negative shocks on returns play a dominant role while for US market, the positive impact of returns significantly influence the dynamic relationship returns-volatility index. Thus, these differences could be attributed to the specific characteristics and behaviour of the Korean options market. Fernandes et al. (2014) also showed that the relationship between daily changes in the VIX volatility index and contemporary performance of the market index S & P 500 is strongly negative during the period from 2 January 1992 to 15 January 2013. However, controlling asymmetric effects, they stated that there is no significant influence of the S & P 500 variations on the evolution of the VIX index for all time horizons considered in their study. Another recent study was conducted in the Korean market by Jung and Kim (2014) 
DATA AND METHODOLOGY
The empirical study of our research focuses on two main themes: initially, we will study the relationship between implied volatility indices and the future volatility of the underlying stocks. Secondly, we will examine the relationship between implied volatility indices and returns of the underlying stocks.
As mentioned in the review of the above literature, studies on European markets remain poorly treated.
Furthermore, we will particularly focus on 5 European market places namely the Euro zone, France, Germany, Switzerland and the United Kingdom for the period extending from January 1, 2010 to March 31 2015. We will use daily returns from closing prices for each series of implicit volatility indices and stock indices corresponding underlying throughout this selected period.
Our empirical study is based on two axes: firstly, we propose to evaluate the information content of each implied volatility index with respect to future market volatility as well as its predictive ability. To make this possible we propose a methodology inspired from Maghrebi et al. (2007) .
On the other hand, concerning the relationship between implied volatility indices and the underlying stock returns, we will perform subsequently a Granger causality test to examine its direction.
Implied Volatility: Information Content
To validate the first set of hypotheses we will examine whether implied volatility indices contain information regarding future volatility of each relevant market. In the financial literature, crucial importance was given to GARCH models due to their ability to capture the volatility persistence and consolidation in the financial markets.
We estimated the various GARCH specifications presented as follows:
Model-A: : the average daily performance of the underlying stocks index.
: error term capturing the innovation of daily output that is normally and independently distributed with zero mean and a conditional variance equal to .
Model-B, GJR-GARCH (1,1) :
where: is an dumy variable = {
The GJR-GARCH model was introduced by Glosten et al. (1993) to consider the asymmetric response of market volatility to positive and negative shocks through the sign and significance of the parameter λ.
Thereafter, in order to assess the information content of each index of implied volatility, historical value and contemporary value of the latter are included as exogenous variables in equations (2) and (3) as shown by following formulas:
Model-D :
Model-E :
Model-F :
Where: and are respectively the past and current values of the implied volatility index at time t-1 and t.
Hence, the parameters and represent the information content of the implied volatility index in delayed and current values.
Estimation results of these GARCH models are presented in Tables 1, 2 , 3, 4, and 5 below. Notes: The A-F show the features of the conditional variance respectively defined by equations (2) to (7). *, ** And *** indicates that the coefficient is significant at the 10% level, 5% and 1% respectively. "Log-V" is the estimated function of Log-Likelihood and "Excess Log-V" means Notes: The A-F show the features of the conditional variance respectively defined by equations (2) to (7). *, ** And *** indicates that the coefficient is significant at the 10% level, 5% and 1% respectively. "Log-V" is the estimated function of Log-Likelihood and "Excess Log-V" means the Log-Likelihood excess relative to the model-A. For a clearer presentation, we multiplied the estimated values denoted by a, b and C respectively Notes: The A-F show the features of the conditional variance respectively defined by equations (2) to (7). *, ** And *** indicates that th e coefficient is significant at the 10% level, 5% and 1% respectively. "Log-V" is the estimated function of Log-Likelihood and "Excess Log-V" means the Log- Notes: The A-F show the features of the conditional variance respectively defined by equations (2) to (7). *, ** And *** indicates that the coefficient is significant at the 10% level, 5% and 1% respectively. "Log-V" is the estimated function of Log-Likelihood and "Excess Log-V" means Notes: The A-F show the features of the conditional variance respectively defined by equations (2) to (7). *, ** And *** indicates that the coefficient is significant at the 10% level, 5% and 1% respectively. "Log-V" is the estimated function of Log-Likelihood and "Excess Log-V" means Tables 1, 2, 3, 4 and 5 indicate that the various GARCH estimations results which confirm their validation for all sample indices. All coefficients of the conditional variance of returns are less than unity. Thus, the parameter is positive and statistically significant for the whole sample. Hence, a shock on underlying stock index returns amplifies the volatility of the latter. While in model B, the impact of these returns shocks is asymmetric. For the entire sample, the parameter λ is positive: negative shocks affect more volatility than positive ones. Hence the presence of the phenomenon of leverage for the six studied European markets. We also notice that all the implied volatility indices contain relevant information about future the stock market's volatility (the parameters and are all statistically significant). Therefore, the first hypothesis is confirmed.
Otherwise, and parameters are all significant for all markets of the sample. Market activity is concentrated over time. Periods of high volatility are more likely followed by periods of high volatility: volatility clustering effect documented by Mandelbrot (1963) . While in considering the specification GARCH (1, 1) with the historical values of the implied volatility index VFTSE, we found a contradictory result to it. In this particular case, the VFTSE index remains the best measure of forecasting future volatility of the UK stock market. Hence, the second hypothesis H2 is invalidated except in this case. These estimation results from different GARCH specifications may be justified by the fact that options contracts for underlying stocks indices are inefficient as advanced by Martens and Zein (2004 combination of GARCH and implied volatility indices respond to the needs of forecasting future volatility in European stock markets, see Day and Lewis (1992) ; Blair et al. (2001) and Becker et al. (2007) .
Implied Volatility Indices and the Underlying Stock Returns
In this section we will study the nature and the causality between implied volatility indices and contemporary performance of the stock underlying indices. To do this, we consider the following multiple linear regressions. We will realize later a Granger causality test:
: daily variations of implied volatility index at time t.
: daily returns from the market index of underlying stocks at time t+i i = -2…2. | | : daily returns in absolute value of the underlying stock index at time t.
To validate the hypothesis stating that there is a negative relationship between contemporaneous returns of the underlying stocks index and implied volatility variations (H3), we expect a significant and negative value of the coefficient as evidenced by several studies as Fleming et al. (1995) ; Whaley (2000); Frijns et al. (2010); Ryu (2012) among others. In addition, considering the absolute value of contemporary daily returns from the underlying stock index allows us to highlight the existence of an asymmetrical relationship between implied volatility variations and current returns from underlying stocks indices. We expect as well that the parameter to be of positive sign.
However, the sum of the coefficients β 0 and measures the asymmetry between changes of implied volatility and contemporary returns of the underlying stock indices. indices. α is the constant, β-2 is the coefficient of performance delayed to t-2 (lag = 2), β-1 is the coefficient of the delayed return to t-1 (lag = 1) β + 1 is the coefficient future return to t + 1 (lead = 1) β + 2 is the coefficient of future performance t + 2 (lead = 2), β0 is the coefficient of contemporary performance, β0 abs is contemporary performance coefficient in absolute value and γ is the coefficient of the first difference of the delayed implied volatility index. *, ** And *** denote that the coefficient is significant at the 10%, 5% and 1%. Thus, if the stock market performance is positive then the coefficient affecting implied volatility index is equal to = + .
While if return is negative, implied volatility index is equal to = -.
Furthermore, in absolute value is greater then : negative returns of the underlying stock index have more impact on changes in the implied volatility index then positive ones.
Estimation results of this regression are summarized in the table below.
In the context of the five studied European markets, parameter is negative and statistically significant indicating that daily variations of implied volatility indices were negatively correlated with contemporaneous returns of the underlying stock indexes. Hence, the third hypothesis is affirmed for all equity markets. Similarly, parameter is positive and statistically significant for European, French, English and Swiss markets. This entails that implied volatility indices vary asymmetrically to contemporary returns of underlying market indices. However, this result is contradictory to the one found on the German market ( parameter is negative and statistically significant). This finding is in harmony with that found by the study of Dowling and Muthuswamy (2005) for the Australian market. Thus the hypothesis H4 is valid unless for the German market.
H4: The implied volatility index varies asymmetrically to contemporary positive and negative returns variations of the underlying stock index.
H5: The underlying stock index variations have an impact on the implied volatility index "leverage hypothesis".
H6: The implied volatility index variation causes a variation on the underlying stock index "volatility feedback hypotheses."
Finally, Granger causality test revealed several findings that differ from one market to another. For euro zone and Germany, implied volatility index variations Granger causes contemporary returns of underlying stock indexes.
Therefore, the sixth assumption is confirmed. For the French market, we found a contradictory result which leads us to confirm the existence leverage effect (H5). Otherwise, for the Swiss stock market, we found bidirectional causality between volatility index VSMI variations and contemporary performance of the market index SMI. Hypotheses H5
and H6 are valid in this case. However, for the UK market, no causal link was found significant this can be explained by the fact that there are other factors (behavioural factors) that could explain the origin of this relationship as advanced by Jung and Kim (2014).
CONCLUSION
The development of various implied volatility indices on the international stock markets has attracted the attention of several researches. A variety of empirical studies have attempted to explore the relationship between implied volatility indices and stock market returns variations (spot market). It turned out interesting to dedicate this research to the study of the nature of the relationship between the implied volatility indices and returns from the underlying stocks indices from different European countries namely the Euro zone, France, Germany, Switzerland and the United Kingdom.
We investigated the nature of the relationship between implied volatility indices observed on five financial centers and contemporary performance of the underlying stocks indices and their predictive power with regard to the future volatility of the corresponding stock market.
Our results show that all the implied volatility indices contain relevant information concerning both the returns and future volatility of the underlying stock market. For stock market returns, we found that there is a negative and asymmetrical relationship between implied volatility indices. While this asymmetrical relationship was not verified on the German market. Concerning future volatility forecasting, we found that all the implied volatility indices contain relevant information.
Furthermore, implied volatility indices considered in our study provide important information on the European underlying stock markets which is interesting for various categories of investors.
Thus, this paper contributes to the existing empirical literature in different ways. First, studies of the relationship between implied volatility indices and stock indices are concentrated particularly on the US stock markets and more recently Asian ones (Korea, India, Japan, etc.) . We propose to fill in this gap by focusing on European markets. On the other hand, our study uses a sample of several implied volatility indices while almost all previous researches focus only on one implied volatility index or on a smaller sample.
For future research it would be interesting to study the phenomenon of transmission of volatility between several international stock markets and the impact of macroeconomic announcements and the rating of sovereign debt on the evolution of implied volatility indices.
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